Abstract: Bisphenol A (BPA), a xenoestrogen, has been reported to mimic the actions of estrogen or to affect the endocrine glands in vivo and in vitro. In this study, we examined whether in utero and lactational exposure to BPA altered the somatic growth and anogenital distance (AGD) of F 1 offspring (1, 3, and 9 weeks of age) in vivo in rats. Dams were orally administered with various doses of BPA (0, 4, or 40 mg/kg body weight (BW)/day) from gestation day (GD) 6 through postnatal day (PND) 20. There were no significant changes in body weight, liver weight, kidneys weight, testes weight, AGD, the ratio of AGD to BW, or the ratio of AGD to the cube root of BW in BPA exposed pups compared to the vehicle-exposed control. This suggests that prenatal and postnatal exposure (indirect exposure) to BPA (4-40 mg/kg/day, GD 6-PND 20) does not affect on somatic growth or AGD of F 1 generation of male and female rats.
Bisphenol A (BPA) is very widely used in the manufacture of polycarbonate and epoxy resins, dental sealants, and other chemical products. BPA released from lacquer coating has been detected in food cans 1) , and it has also been found in saliva collected from subjects treated with dental sealants 2) . Krishnan et al. have reported weak estrogenic action of BPA eluted from a polycarbonate bottle into medium during the autoclaving procedure. They showed that BPA increased the number of progesterone receptors and promoted the cell proliferation of a cultured cell line which originated from human breast cancer (MCF-7) 3) . BPA induced prolactin (PRL) release in vitro 4, 5) . It also increased uterine and pituitary weight, the serum PRL level and the number of immunoreactive PRL cells in ovariectomized Wistar rats 6) . Reproductive toxicity of BPA has been reported in mice and rats. Low-dose effects of BPA in vivo were observed in mice. BPA increased prostate and preputial gland weight, and decreased daily sperm production efficiency in male offspring prenatally exposed to BPA at 2 or 20 µg/kg/day from the gestation day (GD) 11 through GD 17 7, 8) . On the other hand, other investigators have failed to find such effects in mice offspring under identical experimental designs 9, 10) . Cagen et al. reported that normal reproductive development was observed in offspring born from mothers supplied with BPA in drinking water at a concentration range of 0.01 to 10 ppm (0.001-4.022 mg/kg/day) for 10 weeks, from the premating day (at 9 weeks old) to the weaning day, in Wistar rats 11) . In addition, it was reported that oral high-dose administration (320 mg/kg/day gavage) from GD 11 through postnatal day (PND) 20 resulted in no apparent change in male or female reproductive development in the F 1 offspring of Sprague-Dawley (SD) rats 12) . We determined the effects of BPA exposure from GD 6 through PND 20 on postnatal somatic growth and anogenital distance (AGD) in male and female SD rat offspring, because the effects of preweaning exposure on fetus growth and reproductive development have so far remained controversial. Examinations were performed on various clinical and reproductive parameters, including body weight (BW), main organ weight (liver, kidneys and testes), AGD, ratio of AGD to BW (AGD/BW), and ratio of AGD to cube root of BW (AGD/BW 1/3 ) at postnatal weeks 1, 3, and 9. BPA (Bisphenol A standard, purity >99.8%, Cat#: 280-08561, Lot#: HCE9312) and corn oil (Cat#: 034-17015) were obtained from Wako Pure Chemical Industries, Ltd., Osaka, Japan. A total of twenty-four pregnant female rats (Crj: CD (SD) IGS strain, 9 weeks of age) at GD 3 were purchased from Charles River Japan Inc. (Tsukuba), separately housed and maintained under controlled temperature (23 ± 1°C), humidity (55 ± 5%) and a 12-h light-dark cycle (0800-2000) throughout the study. The presence of a copulatory plug was considered to be GD 0. A standard laboratory diet (CE-2, CREA Japan, Inc., Tokyo, Japan) and drinking water were available ad libitum. Dams were divided into four equalsized groups (6 pregnant rats/group) randomly, and weighed once a day from GD 3 through PND 20 (except for GD [4] [5] . The BPA-exposed groups were dosed by oral gavage with 4, 40 or 400 mg/kg BW/day of BPA in corn oil vehicle (10 ml/kg BW), once daily between 0830 and 0930, from GD 6 through PND 20, and the control group was given the same amount of corn oil during the same period. The highest dose, 400 mg/kg, was selected based on a study by Kwon et al. 12) reporting no detectable effects of BPA on maternal BW at 320 mg/kg/day from GD 11 through PND 20. The litter size was standardized to ten (male : female = 5 : 5, if possible) between 1000 and 1100 on PND 7 (1 week of age), and then all the culled offspring were used for examination as soon as possible after culling. On PND 21, offspring were weaned and thereafter males and females were housed separately per litter. The developmental parameters of offspring from various dose-treated dams were measured at 1, 3 or 9 weeks after birth. The body weight was recorded with an electric balance (Shimadzu, Kyoto, Japan). The anogenital distance (AGD) (mm) was measured with a digital caliper (Mitutoyo, Kanagawa, Japan) under euthanization by cooling on ice at 1 week or by ether inhalation at 3 or 9 weeks of age in F 1 offspring. AGD/BW (mm/g) and AGD/ BW 1/3 (mm/g 1/3 ) were also calculated. A pair of male and female offspring from each dam were dissected at 3 or 9 weeks of age. The liver, kidneys and testes (male) were weighed at 9 weeks of age. Blood collected by decapitation at 1 week of age or sampled from the postcaval vein at 3 or 9 weeks was stored at -20°C for the determination of hormone levels (not reported here). The rest of the offspring were used for investigating behavioral effects (not reported here). The results were expressed as means ± SEM. The differences from the corresponding control group were statistically analyzed by analysis of variance, followed by Dunnett's test (P<0.05). The numbers of F 0 and F 1 rats used for examinations in each group are summarized in Table 1 . In the control group, 1 female out of 6 was not pregnant. In the 40 mg/kg/day group, all the pups of a dam were found dead on PND 2. In the 400 mg/kg/day group, 4 dams out of 6 died on GD 21. All the pups born from 1 surviving dam in this group were found dead on PND 2. The 400 mg/kg/ day BPA group was consequently excluded from further analysis. The cause of death of these dams was not identified. Maternal body weights during gestation are shown in Fig.  1A . The 400 mg/kg/day BPA group showed a marked reduction in body weight as compared with the control group, especially, in the third trimester of gestation. Maternal body weights during lactation are shown in Fig. 1B . The body weight changes in the various groups exhibited a similar pattern, although in the 40 mg/kg/day BPA group there was a transient reduction after delivery. There were no statistically significant differences among groups in the number of surviving offspring on PND 1 (Table 1) .
In male offspring, there were no statistically significant differences in body weights among groups due to BPA exposure at 1, 3 or 9 weeks of age (Fig. 2) . In female offspring, no statistically significant differences were observed in body weight, although the mean value for the 40 mg/kg/day dose group was slightly decreased at 9 weeks of age. There were no statistically significant effects on liver, kidney or testes (male) weights caused by BPA exposure at 4 or 40 mg/kg/day at 9 weeks of age ( Table 2 ). Both in male and female offsprings, AGD were not significantly affected by BPA at 1, 3 or 9 weeks of age (Fig. 3) . No treatment-related change was observed in AGD/BW or AGD/ BW 1/3 ratios in male and female offspring at 1, 3 or 9 weeks of age (Figs. 4 and 5) .
The fact that 4 dams out of 6 in the 400 mg/kg/day group died during the gestation period indicated that very high level exposure to BPA cause severe toxicity in pregnant rats.
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Such maternal toxicity (reduction in maternal weight gain during gestation) was previously reported in rats exposed to BPA by gastric intubation at 160, 320 and 640 mg/kg/ day 13) . They observed no dose-related maternal mortality in 160, 320 or 640 mg/kg/day groups, although they found a high mortality rate in the 1280 mg/kg/day group. The difference in the toxic effect of BPA observed in the two studies could be attributable to the difference in the purity of BPA (>95% vs. >99.8%). The duration of administration (GD 6-15 vs. and the preparation of the BPA (suspension in corn oil vs. solution in corn oil) also could be the causes of the discrepancy.
Testosterone from fetal testis develops Wolffian ducts and external genitalia with age, and AGD in males then exhibits a marked increase compared to that in females. AGD has therefore been used as a common index of reproductive and developmental toxicity, sensitively reflecting the status of the genital system and function in rodents. Vandenbergh et al. used the AGD/BWx100 value as an adjusted AGD index for BW or body size 14) . Gallavan et al. proposed to use the ratio of AGD to the cube root of BW as a better measure to evaluate the AGD, because body weight increases in a three dimensional manner whereas AGD increases in a linear manner 15) . Although we evaluated AGD including both of the adjusted measures, no differences were detected among treatment groups in any of the AGD indices (Fig. 3, 4, 5) .
It was also demonstrated that low-dose BPA increased AGD after birth in CD-1 mice 16) and ICR mice 17) . The discrepancy between their studies and ours could be due to differences in the route and doses of chemicals, and animal species.
Cagen et al. 10) reported a study to confirm the effects of BPA in CF-1 mice, trying to replicate the experiments by Nagel et al. 7) and vom Saal et al. 8) . They carried out animal experiments under the almost same design with a larger number of groups, each consisting of a larger number of dams, with a wider range of doses (0.2-200 µg/kg/day) from GD 11 through GD 17. As a result, they found no effect of maternal exposure to BPA on F 1 mouse offspring, and concluded that BPA is not a selective toxic substance under their conditions. Evaluations of BPA effects at low doses have been performed in a multigeneration reproductive toxicity study. Tyl et al. and 500 mg/kg/day, respectively) on reproduction and development for three generations in rats. They concluded that there were no treatment-related low-dose effects and no evidence of a non-monotonic dose response on any adult or offspring parameters (including AGD) at concentrations of 0.015, 0.3, 4.5 and 75 ppm 18) . Ema et al. also reported negative results on the low-dose effects of BPA in a twogeneration reproduction study. Rats were given BPA at 0.2, 2, 20 or 200 µg/kg/day by gastric intubation throughout the study beginning at the onset of a 10-and 2-week premating period, in F 0 males and females, respectively, and continuing through the mating, gestation, and lactation periods, for two generations. They observed no compound-related changes in clinical growth and signs, main organ weights including liver, kidney, testes or AGD/BW 1/3 under their conditions 19) . Furthermore, Kwon et al. 12) showed that high-dose exposure at 320 mg/kg/day from GD 11 through PND 20 resulted in no apparent change in male and female pubertal development and reproductive function in SD rats.
Our results were closely accordant with the findings of Kwon et al. The BW, liver weight, kidney weight, testes weight, AGD and AGD indices in BPA-exposed rats were not obviously changed by relatively larger amount of BPA exposure. The present study failed to find obvious effects on the somatic growth and reproductive development of the offspring due to maternal exposure to BPA at 4-40 mg/kg/ day from GD 6 through PND 20, although the number of parameters used for evaluation in our experiment was smaller than those in other papers [9] [10] [11] [12] . Some other indices are also ) of F1 offspring at 1, 3 and 9 weeks of age Each column and vertical bar represent the mean and SEM, respectively. There were no significant differences among groups. available to detect altered reproductive functions. In our previous papers, changes in the estrous cycle and ovulation have been shown to indicate disorders in the reproductive functions of female rats [20] [21] [22] . More extensive or detailed examination may result in finding some effects of perinatal exposure to BPA.
In conclusion, the results obtained in the present experiment suggest that prenatal and postnatal exposure to BPA does not affect the somatic growth and AGD of F 1 generation either in males or females. The effects of BPA exposure are, however, still incompletely understood and further work should be done to confirm the reproductive and/or developmental toxicity of BPA in rats.
